Background: Poland has one of the highest cervical cancer mortality rates in Europe. It is related to the problem of late diagnosis and low attendance rate in screening programs. The objective of the study has been to assess the annual production loss due to the cervical cancer morbidity and mortality in Poland in 2012. The outcomes have been to provide comprehensive information on cervical cancer's influence on population's ability to work and its overall economic burden for the society. The study has also provided the methodological framework for disease-related production losses in Polish settings. Material and Methods: The human capital method was used. The production losses were calculated in both monetary and quantitative terms (working days lost) due to 4 following reasons: 1) temporary disability to work, 2) permanent disability, 3) informal care, and 4) mortality. Results: Cervical cancer resulted in approx. 702 964 working days lost in 2012 due to absence at work for both patients and care givers and a total number of 957 678 working days lost due to patients' mortality. The total value of production lost was assessed at 111.4 million euros. More than 66% of this value was attributed to women's mortality. Conclusions: The calculation of production lost due to cervical cancer burden provides strong evidence to support adequate health promotion and disease prevention actions. Actions promoting cervical cancer screening should be intensified including workplace health promotion activities. Med Pr 2016;67(3):289-299
INTRODUCTION
Cervical cancer (CC) is one of the most common cancers among women worldwide (with an estimated 500 000 cases and an average rate of 300 000 deaths occurring per year). In Europe in 2012, 13.4 women per 100 000 of the population were diagnosed with CC and 24 397 died from it. Poland has one of the highest mortality rates in Europe (7.4 in comparison with the European Union's average rate of 3.9 and 4.7 -for Nr 3 290 The analysis of quantitative outcomes provides an important insight into how CC affects the population's ability to work and allows for comparisons with different settings/studies. The results are to help understand CC's economic burden on Polish society and thus constitute the evidence to support adequate health promotion and disease prevention actions.
MATERIAL AND METHODS
The human capital method (HCM) was used to assess production loss due to CC in Poland in 2012. This approach encompasses the societal perspective and estimates an individual's contribution to society by applying a specific productivity measure (examples are: average earnings, gross domestic product (GDP) per person employed, gross added value per capita). It counts any hour not worked due to illness as an hour of production lost [15, 16] . The choice of the HCM was based on its broad applicability in economic evaluation studies and exploitation of commonly available data.
The analysis included production loss due to: 1. Patients' work absence due to temporary disability (sick leave). 2. Patients' work absence due to permanent disability in the form of reduced hours or workforce departure. 3. Informal care givers' work absence (a carer's leave). 4 . Mortality among patients' population of productive age. The first three from the above categories measure the production loss due to CC morbidity of both patients (1-2) and caregivers (3) . The fourth category measures the production loss due to patients' mortality. Regardless of the category, the formula of calculating the production loss was always: 'number of days or years of production lost' multiplied by 'forgone productivity measure. ' While calculating the number of days of patients' work absence due to temporary disability (sick leaves), only working days were included (on average: 5/7 of the total number of days of work absence).
In the case of permanent disability to work -the number of patients benefiting from a social security allowance due to permanent disability to work caused by CC in 2012 was used. Those women represented 2 groups: those with permanent but partial disability and those with complete permanent disability. The first group could be employed on a part-time job basis (CC caused reduced hours of work), whilst the second group had to be dismissed from the workforce resourcEurope in 2012) [1] . In 2012, 1669 women died in Poland due to CC, the majority of whom were of productive age [2] .
The calculation of production loss due to specific illnesses has been broadly discussed and presented in literature [3] [4] [5] [6] . It constitutes one of the elements of the cost of illness studies which measure the economic burden of a disease and estimate the maximum amount that could potentially be saved or gained if a disease were eradicated [6] . It is also an element of health programs' economic evaluation studies which take a broad, societal perspective. The comprehensive analysis of the cost of illness includes both direct (medical and non-medical) costs as well as values of production losses due to reduced working time (called an indirect cost). An indirect cost is attributed to both morbidity (absenteeism at work due to ill health and presenteeism -that is lower productivity while being present at work) and mortality (potential years of production lost due to death at productive age).
Several studies present the estimation of direct and/ or indirect costs associated with CC in different countries [7] [8] [9] [10] [11] [12] . The experts of the American Cancer Society indicate that production losses due to CC may be more than a half of the total costs associated with the cancer [13] . Insinga et al. estimated that the indirect costs of CC in the USA far outweigh the direct costs associated with the diagnosis and treatment of the cancer [9] . Lost production due to CC in Poland in 2009 was estimated in the Macioch and Hermanowski study at the level of 87 million euros, constituting the second largest oncological cause of lost production (following breast cancer) in the female population [14] . Any comparison between the studies is impossible due to different methodological approaches.
Aim of the study
The aim of this study has been to assess the annual production loss due to CC morbidity and mortality in Poland in 2012. The added value of the presented analysis, in comparison to the previous study (Macioch and Hermanowski [14] ), is the presentation of outcomes in both monetary and quantitative terms. Information on the number of working days and/or person-years lost due to CC is presented. The assessment is carried out due to 4 following reasons of production lost: 1. Temporary disability to work. 2. Permanent disability. 3. Informal care. 4. Mortality. es permanently (workforce departure). The value of the social security allowance for women with partial disability is at the level of 75% of the allowance for women with complete disability. Based on the differences in the allowances' values, it was assumed that in the case of reduced hours of work, the woman may be employed only at the level of 25% of full time basis (thus the lost production value was calculated as 75% of the applied measure).
Occurrence of an illness might result in a limited work ability not only for the patient himself/herself but also for the informal carer -mainly a family member. In Poland, family members of a patient may officially apply for the so called 'carer's leave,' that is a justified temporary absence from work (for the time of taking care of the patient). There is no detailed data on the number and duration of a carer's leave per a patient's illness ICD-10 (ICD -the International Statistical Classification of Diseases and Related Health Problems) category. The number of days of informal care givers' absence from work due to taking care of CC patients was assessed based on the proportion of CC sick leaves in the adult population to the total number of sick leaves in 2012. We assumed that the number of days of informal care givers' absence from work due to taking care of CC patients in relation to the total number of days of informal care givers' absence from work is the same as the relation of the number of days of CC patients' absence from work to the total number of all causes of patients' work absence.
Finally, for the purpose of the calculation of production loss due to premature mortality, the following data was included: n while calculating the number of women who would have lived had they not died due to CC, the survival probability rates for women in 2012 at each age were applied with the aim of adjusting for the probability of death from other causes [2] ; n the retirement age for women who would have lived had they not died from CC in 2012 was applied to the 60-67 years old (depending on the women's age in 2012) according to the Polish pension system legislation [17] ; n the GDP growth forecast for Poland after the year 2012 was applied according to the European Commission's analysis [18] ; n the employment rate of women in 2012 was included as well as its projected value per age group after the year 2012, based on the European Commission's analysis [18, 19] ;
n the present value of all future production losses was calculated using a 5% discount rate. The choice of the discount rate was based on the Polish Ministry of Health's regulation concerning economic evaluations' basic requirements [20] . The forgone productivity measure applied in the analysis was the gross domestic product (GDP) per person employed. This measure presents the real value of an employee's work, which due to market failures might be higher than the salary he or she receives [21] . The value of the GDP per employee was adjusted by a correction factor (0.65 for base analysis) representing production elasticity in respect of a labour factor. As economic growth depends on several production factors (the key ones include labour and capital), diminishing only one of them (labour) influences only a relevant proportion of the GDP. Application of a correction factor allows the adjustment of the GDP per employee value to present its percentage share related only to a labour factor (in this case -hours of work/production lost due to CC morbidity and mortality). It corresponds to the commonly accepted value of the labour percentage share in total income [18] .
Summary of all methodological assumptions is presented in the Table 1 .
The majority of data for the analysis was obtained from publicly available sources. The data on CC mortality was obtained from the Central Statistical Office's (Główny Urząd Statystyczny -GUS) Demography Database 2014.
The data on the number of sick leaves, the number of days of temporary and permanent disability to work due to CC were obtained from the Social Insurance Institute (Zakład Ubezpieczeń Społecznych -ZUS). Being a part of obligatory social and health insurance schemes and covering a vast majority of the population -ZUS provides data on social insurance benefits consumption, including benefits in the case of temporary or permanent work disability per ICD-10 category. There is also a separate social insurance system for farmers: the Agricultural Social Insurance Fund (Kasa Rolniczego Ubezpieczenia Społecznego -KRUS), which covers about 10% of the total population enjoying the social insurance coverage. The Agricultural Social Insurance Fund does not provide data on sick leave per ICD-10 category, thus the data for farmers was assessed by applying the same CC related work disability benefits proportion as in the case of the general population. All the data was gathered in June 2014.
The calculation of lost production due to the CC in Poland in 2012 included two ICD-10 categories: C.53 -malignant neoplasm of cervix uteri (invasive CC) and D.06 -carcinoma in situ of cervix uteri (called the pre-cancer stage or non-invasive CC).
Production loss is presented in both descriptive (number of days/years of production lost) and monetary terms. All monetary values are expressed in terms of euro (constant 2012).
In order to check the robustness of the results, a multivariate sensitivity analysis was performed. It included changes of two factors: the GDP correction factor (to 0.55 and 0.60 with the base value of 0.65) and the discount rate (to 0% and 3% with the base value 5%). The labour factor's percentage share in the national income differs among countries. Some studies indicate that the level of the labour percentage share is lower in the new Member States of the European Union (EU) than in the EU-15 (the average value in Poland in 1992-2006 was estimated to stand at 0.55, while the average rate for the EU-15 was 0.64) [22] . Additionally, the recent research indicates that the labour percentage share is declining in many countries [23] . Therefore, in the framework of the sensitivity analysis, two different, lower values of the GDP correction factor were applied: 0.60 and 0.55. As for the discount factor, two additional values were also applied (3% and 0%). These were the values recommended by the World Health Organization for economic evaluation studies [24] .
RESULTS
The value of the production loss due to the CC in Poland in 2012 is presented in the following four categories: 1. Patients' work absence related to temporary disability (sick leaves) -in 2012 a total number of 5964 sick leaves were issued by doctors due to the CC, which resulted in a total number of 167 833 days of temporary work absence (which gives approx. 119 881 working days lost). The average duration of sick leave due to the CC was 28.14 days (28.53 days for C.53 and 20.22 days for D.06). The total value of the production loss due to temporary disability to work was assessed to stand at 8 325 193.85 euros, the vast majority of which (97%) was due to the invasive form of the CC (C.53) ( Table 2 ). 2. Patients' work absence related to permanent disability -in 2012, 3135 Polish women benefited from the social security allowance due to permanent disability to work caused by the CC. This number included 531 women with permanent but partial disability (the CC caused reduced hours of work) tion lost due to their work absence was assessed to stand at the level of 60 638.17 euros (Table 4 ). 4. Mortality among the working age patient population -in 2012, 1669 women died in Poland due to the CC. All deaths were caused by the invasive form of the cervical cancer (C.53). The majority of women who died (998) were at the productive age, so it resulted in indirect costs of the lost production. Women's productive age is set at 18-67 years old (according to the Polish pension system principles).
and 2604 -with complete permanent disability (the CC caused workforce departure). The total value of the production lost due to permanent disability was assessed to stand at 47 743 754.90 euros. The major reason for production losses was permanent disability in the form of workforce departure due to the invasive form of the CC (C.53) ( Table 3 ). 3. Informal care givers' work absence -informal care givers devoted approx. 873 working days in 2012 to take care of the CC patients. The value of the produc- The total value of the production lost due to mortality among the working age patient population was assessed to stand at 55 275 508.11 euros and constitutes the main driver of the CC-related production loss.
Summary results
The Table 6 presents a summary of the outcomes. The total value of the 2012 CC morbidity and mortality-
The analysis of mortality-related production losses included the period 2012-2055, that is the year in which the last woman out of those who died in 2012 would have retired (if she had not died due to the CC). The outcomes are presented in the Table 5 . In the calculation of the future production loss -the forecast of the women's employment rate per age group as well as the GDP growth was applied. Table 7 . Sensitivity analysis of production lost due to cervical cancer (CC) in Poland, 2012 Tabela 7. Analiza wrażliwości produkcji utraconej z powodu występowania nowotworu szyjki macicy w Polsce w 2012 r.
Reason for production loss and discount rate Przyczyna utraconej produkcji i stopa dyskontowa related production loss in Poland was assessed to stand at 111 405 095.04 euros. More than 66% of this value was attributed to women's mortality whilst the remaining value results from patients' morbidity, mainly work absence related to permanent disability to work (more than 25%). The cervical cancer (CC) resulted in approx. 702 964 working days lost in 2012 due to absence at work for both patients and care givers and a total number of 957 678 working days lost due to patients' mortality.
Sensitivity analysis
The outcomes of the sensitivity analysis are presented in the Table 7 . Depending on the GDP correction factor and the discount rate values, the total value of the production lost due to the CC morbidity and mortality in Poland in 2012 may range from 94 million euros (the lowest correction factor and the highest discount rate) to 136 million euros (the highest correction factor and a zero discount rate). Sensitivity analyses confirmed the robustness of the initial outcomes -in each case the mortality-related costs constituted the vast majority, whilst the total production loss value approximated the total amount of 115 million euros.
DISCUSSION
The calculation of production losses due to specific illness constitutes the basis of economic burden of disease studies and should also be included in health interventions' economic evaluation analysis conducted from a societal perspective. Application of the broad societal perspective when assessing the cost efficiency of a health intervention or program is perceived as a prerequisite for an allocative decision making process. Only the inclusion of all costs and consequences -regardless of whom they concern -will enable to calculate the net benefit for the society. In practice, however, the indirect costs of the lost production are often omitted in economic evaluation analyses, which may lead to misinterpretation of the actual costs and benefits, and consequently misinformation for the decision makers [25] . There are numerous difficulties and controversies related to the lost production costs calculation. Despite advances in research and numerous publications, there is still no consensus on the methodological approach to the indirect costs calculation. In Poland, the application of the cost of illness studies and economic evaluation techniques to the decision making process within the health care sector is a relatively new process (the National Agency for Health Technology Assessment (Agencja Oceny Technologii Medycznych i Taryfikacji) was established in Poland in 2005). However, within the last decade its importance has been growing. The first analyses and recommendations on the calculation of the lost production due to specific illness in Polish settings have been published recently [26] [27] [28] . Researchers emphasize the importance of assessing the influence of health status on the ability to work, and thus, the economy in general.
The analysis of the annual production loss due to the cervical cancer morbidity and mortality in Poland -as presented in this paper -provides comprehensive information on the CC's influence on women's and care givers' ability to work and its overall economic burden for the society. The assessed value of the total production loss at the level of more than 111 million euros per year is almost 3 times higher than the total budget for prophylactics programs financed by the National Health Fund (Narodowy Fundusz Zdrowia) (the main payers for the health care services in Poland), which in 2012 was at the level of 40 million euros. Even when diminishing the labour factor percentage share in the GDP (the sensitivity analysis), the value of the lost production is still enormous. The outcomes provide a significant incentive for Polish decision makers to intensify the CC prevention and screening actions.
Despite the overall reduction in the CC incidence and mortality rate in Poland within the last decade, the epidemiological indicators are still unsatisfactory (the mortality rate is one of the highest in Europe -7.4 per 100 000 population in 2012 in comparison with the average rate of 3.9 for the European Union countries) [1] .
The high CC mortality in Poland is related to the problem of late diagnosis and a low attendance rate in population screening programs. A national population-based screening program had been launched in Poland in 2006 aiming at a target population of women aged 25-59. Only in 2012 personalized invitations had been sent to more than 3 million women, informing them about the importance of the regular CC screening and inviting them for free of charge cytology examination. Despite numerous additional promoting actions (happenings, conferences, education programs), the overall participation rate in the program is still low -23.2% of the targeted population in 2012 [29] . Numerous studies indicate that one of the major problems of the CC prevention programs in Poland is insufficient level of knowledge and awareness among women [30] [31] [32] .
Assessment of the production loss due to morbidity should provide a significant incentive for employers to promote and encourage women's participation in the screening programs. Our results indicate that in 2012 alone, the CC morbidity resulted in approx. 702 964 working days lost due to absence from work of both patients and care givers. Workplace health promotion is becoming increasingly important in Poland. Numerous institutions (e.g., the National Centre for Workplace Health Promotion (Krajowe Centrum Promocji Zdrowia w Miejscu Pracy) and regional centers for occupational medicine) are involved in development and coordination of health education programs to be realized by employers, i.e., programs aimed at encouraging women to participate in the CC screening programs. In 2010 a proposal on changing legislation was made -aimed at the inclusion of cytology and mammography in the list of mandatory initial and periodic laboratory tests required by employers [33] . Unfortunately, the regulation was rejected.
Study limitations
Our analysis was influenced by several limitations caused mainly by insufficient data. The two major limitations relate to the exclusion of two additional categories of the potential lost production costs from the analysis -that is the presenteeism and unpaid work. These exclusions may lead to the underestimation of the total lost production value.
As for the presenteeism -there is no reliable data on how the CC influences a woman's productivity while she is present at work. Gathering such data would require an additional questionnaire-based study for the CC patients, which was not feasible within the scope of our study. Such a study was conducted in Poland by Macioch and Hermanowski in 2011 for all types of cancer patients [14] . The results showed that costs of the patients' presenteeism constituted approx. 17% of those related to their absenteeism. Due to the lack of separate data for the CC patients (there was no information of whether they were included in the study population), those outcomes could not be extrapolated to our analysis.
The exclusion of unpaid work relates to retired women (calculation of mortality costs only for working age population) and those excluded from the official labour market (application of employment rate). Those exclusions are the consequence of the lack of reliable data and tools, validated for the Polish population, to measure the unpaid work value. It is emphasized in the literature that the issue of the lost production due to unpaid work needs further research and development of application guidelines [3] . The above limitations are direct results of the lack of reliable data and/or validated tools to gather them. As presented within our study, calculations are based on the published statistical data and macroeconomic factors. This provides a methodological framework which may be used in Polish settings for various diseases (enabling comparability of outcomes).
CONCLUSIONS
The analysis of the annual production loss due to the cervical cancer morbidity and mortality provides information on its influence on the population's ability to work and its overall economic burden for the society. The total value of the production lost due to the cervical cancer morbidity and mortality in Poland in 2012 was assessed to stand at the level of approx. 111 million euros. The outcomes should be used to inform decision makers and support allocative decisions. It is especially important to intensify the CC screening programsi.e., with employers' active involvement. Analyses of the production losses due to the CC should be carried out repeatedly based on standardized methodological guidelines and used as an evidence in health policy decision making process. In Poland a broad scope for potential improvements in the CC's epidemiological indicators exists and, as a consequence, reduced production losses.
